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SUMMARY 


Samples from shell assemblages in the recent Dutch 
Wadden Sea, in the Easter Scheldt (Prov. of Zea- 
land) and in the bay of Arcachon (France) were 
analyzed quantitatively (tables I and II). It is seen, 
among other things, that typical open sea species are 
washed into the tidal flat areas by the currents- of 
the flood. 

Quantitative analysis proves to be an appropriate 
method of investigating mollusc thanatocoenoses, 
especially if applied to shell accumulations, formed 
on the floor of tidal channels. The shell material in 
these places is relatively well mixed and gives a 
reliable picture of the average mollusc fauna of the 
surrounding area. Moreover, most of the shell beds 
in fossil formations which originated in tidal flat 
areas, have been formed on channel floors. 

Comparison of the results of these analyses of 
recent material with the quantitative data of Brou- 
wer on the mollusc composition of Pleistocene for- 
mations in the Netherlands shows that both the 
deposits of the „marine intercalation in the High- 
Terrace deposits” and of the typical Eemian have 
been formed in tidal flat environments. The tempe- 
ratures during the deposition of the marine inter- 
calation were approximately the same as those of the 
present Dutch Wadden Sea; the temperatures of the 
Eem sea were higher, perhaps more like those of the 
present bay of Arcachon (cf. fig. 3). 
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INTRODUCTION 


The molluscs of the Dutch coast have been 
the subject of a great number of investigations. 
Two of the most important works are those by 
van Benthem Jutting (1933, 1936, 1943) and 
by van Regteren Altena (1937). The relative 
frequencies of the various mollusc species, found 
in dead shell assemblages in the Netherlands, 
have normally been expressed in such terms as 
rare, common, abundant, etc. The first to apply 
a quantitative method to the analysis of shell 
assemblages on Dutch beaches was Boerman 
(1936). The method was modified and extended 
by Brouwer (1941a, 1941b, 1943a, 1943b), who 
investigated material from Pleistocene, intergla- 
cial marine deposits. Rather similar analyses of 
Holocene material from an excavation at Velsen 
(N.H.) were carried out by van Straaten (1956). 
It proved possible to trace various shell beds 
through the different parts of this excavation by 
means of their quantitative composition and by 
their „Cardium-index” (average weight of valves 
of Cardium edule with a diameter of 2.0 cm). 
A very detailed and interesting study on the 
quantitative composition of recent mollusc shell 
concentrations was published in 1950 by Krause. 
This author was able, by using the quantitative 
data, to determine the directions of sediment 
transport in the tidal inlet area between the Ger- 
man Wadden Sea islands Juist and Norderney. 

One of the purposes of the present paper is 
to give further quantitative data from recent 
material, which could be useful in reconstructing 
the environment of formation of shell bearing 
marine Pleistocene deposits. The bay of Arcachon 
was chosen as a possible equivalent of the inter- 
glacial Eem environment in the Netherlands. 
which has been slightly warmer than the present 
day environments in this country (cf. Nordmann, 
1928, a.o.). Much has been published about the 
molluscs at Arcachon, chiefly by Fischer (1864, 
1869, 1873, 1878). This malacologist did not 


1 Geological Institute, University of Groningen. 
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give much information, however, on the distri- 
bution and the relative abundance of the species, 
his main interests being directed towards syste- 


matical malacology. 
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METHOD 


A description of the method used by the 
author has been given already in the Velsen pa- 
per (van Straaten, 1956). For the sake of conve- 
nience it is repeated here in full. 


The material was divided, by means of sieves, into 
two fractions, one with diameters of 0.5—2.5 mm, 
the other with diameters greater than 2.5; mm. Both 
fractions were weighed. 

Fraction 0.5—2.5s mm. — The elements composins 
this fraction may be classified in 3 groups: 


a. entire shells of (young and adult) specimens of 
small molluscs, normally belonging to this frac- 
tion, e.g. Hydrobia ulvae, H. stagnalis, Retusa 
alba, Rissoa membranacea; 

b. entire shells of young specimens of larger species, 
the adult shells of which belong to the fractior. 
> 2.5 mm, e.g. Littorina littorea, L. saxatılıs, 
Cardium edule, Macoma_ balthica; 

c. fragments of shells. 

The fraction was analysed qualitatively. Estimates 
were made, moreover, of the relative abundance of 
the entire shells of the more important species, and 
of the quantities of broken shell material. 

Fraction > 2.5 mm. — This fraction was sorted 
out according to species. It sometimes happened that 
a few shells of Hydrobia ulvae, or of another species 
of group a of the fraction 0.5—2.5 mm, were so 
large, that they just did not pass through the openings 
of the 2.5 mm. sieve. They were then picked out and 
added to the finer fraction. 

on each species the following determinations were 
made: 


a. the number of entire shells (in the case of gas- 
tropods), or of unbroken double-valves (in the 
case of pelecypods), as well as their total weight; 

b. the number of unbroken single valves (pelecypods) 
and their total weight; 

c. the weight of the broken shell material. 


From these data the numbers of specimens of each 
species were calculated as follows: entire shells of 
gastropods and pelecypods were counted as one. 


Undamaged separate valves of pelecypods were 
counted as one half. The determination of the number 
of specimens, present as shell fragments could, of 
course, only be carried out roughly. When the frag- 
ments were not too numerous, an estimate was made 


‘“ by regarding each fragment separately, the axes of 


gastropod shells and the hinge portions of pelecypod 
valves receiving a higher value than other parts of 
the shells. When the quantity of broken shells was 
great, their total weight was divided by the average 
weight of all specimens of the,same species in the 
same sample, present as entire shells, double valves 
or loose valves. This was done, at least, when the 
size distributions of broken and unbroken material 
in the sample were comparable to each other. Other- 
wise corrections were made, based on estimates. 
When a sample contained a great amount of shell 
fragments, but no, or only few entire shells, the 
number of specimens, corresponding to the broken 
material, was calculated with the aid of data from 
comparable samples in which more entire shells were 
present. , 

Finally, the total weight was measured of the shell 
fragments (mostly pelecypods) which could not be 
identified with certainty. 

The results were then expressed in percentages: 


1. weight percentage of unidentified material; 

2. total (number-) percentages of (identified) speci- 
mens of gastropods and of pelecypods; 

3. (number-) percentages of separate gastropod spe- 
cies, calculated on total number of identified 
mollusc specimens (> 2.5 mm); 

4. (number-) percentages of separate pelecypod spe- 
cies, calculated on total number of identified 
pelecypod specimens (> 2.5 mm). 


The fact that unequal methods of percentage 
expression have been chosen for gastropod and for 
pelecypod species is based on the following grounds. 
The differences in percentages of pelecypods, 
observed between the various samples, have often 
nothing to do with original differences in the com- 
position of the biocoenoses, from which the in- 
vestigated dead shell assemblages were derived. They 
may be simply due to accidental variations in the 
admixture of gastropod shells. The latter are, owing 
to their often round shapes, much more easily moved 
about by waves and currents than the pelecypod 
valves. As a result of these different reactions to the 
effects of transporting and sorting mechanisms, the 
percentages of pelecypods and gastropods vary more 
or less independently of each other. The frequencies 
of the pelecypod species are, accordingly, expressed 
as percentages of the total of identified pelecypod 
specimens only. Strictly considering, the same method 
of percentage computation should be used for the 
gastropod shells. The numbers of gastropod speci- 
mens are, however, frequently rather small. Since 
the number of species is at the same time also very 
limited 2, it is mostly of little use to calculate their 
percentages separately. These values would be of 
doubtful significance, a difference of one specimen 
giving in such cases percentage differences of ı0 
and more. 

In addition to the above mentioned percentages, 
one more value was determined, viz. the „crush 
factor” of the Cardium shells ?. 


? At least in samples from the Dutch Holocene. 
3 Slight alteration of original text. 


a” 


This factor is the weight relation of broken to 
unbroken valves of Cardium edule. It is expressed 


as the weight percentage of the fragments, calculated _, 


from the total weight of fragments plus entire single 
and double valves *. 

The factor can be used as an indication for the 
degree of wear of the shell material during transport. 
It is of more significance in recent deposits than in 
fossil ones, because in the latter a part of the shells 
may have become fragmented after deposition, by 
compaction of the surrounding sediment. The factor 
must be related to a single species only, since the 
valves of the various species differ largely in fragility. 
In the present case Cardium edule has been chosen, 
on account of its comparatively solid shells and be- 
cause it is usually the most abundant species. 


PRESENTATION OF RESULTS 


Tables I and 1 (recent shell assemblages from 
the tidal flats of the Netherlands and at 
Arcachon). — From these tables, given at the 
end of this report, the following may be gathered 
(cf. the explanations in the preceding section): 
1. the quantitative distribution of the various 

species; 
2. the reliability of the data, given by the size 
of the sample (weight of sample and num- 


4 In van Straaten (1952) the percentage of the crush 
factor was calculated on the total weight of frag- 
ments and unbroken single valves only. 


Bergen a.z. ‚ 
di 69km : Scheveningen (1) 


Fig. ı — Map of the Duch 


all 


ber of identified specimens) and by the per- 
centage of shell fragments which could not 
be identified; 

the coarseness of the sample,following from 
the percentage of material smaller than 2.5 
mm, from the average weight (given in 
grammes) of the double valves of Cardium 
edule and from the relation between weight 
of sample and total number of identified 
specimens; 

4. the degree of fracturing of the shells, given 

by the crush factor; 
5. the number of living specimens, admixed to 
the (surface) samples. 

. Numbering of species. — The molluscs found 
in the samples from Arcachon (table II) have 
been numbered from 1 to 112, in the order of 
the classification of Thiele (1929/1931, 1935) >. 
Species belonging to the same genus were ar- 
ranged alphabetically. The molluscs from the 
Dutch coast (table I) and from the Pleistocene 
(table III) have been given the same numbers as 
those found at Arcachon. Species which were 
present in the Dutch samples, but not at Arcachon, 


[8%] 


5 Species of the family Pyramidellidae have been 
ranged, however, with the Opisthobranchia, in ac- 
cordance to more modern viewpoints. 


Wadden Sea and of the estuaries in Zealand, with location of samples. Dot- 
ted areas: tidal flats. 
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have numbers with the suffix B. The numbers 
of the recent species which are also known from 
the Eem deposits in the Netherlands are printed 
in bold type. Numbers in parentheses refer to: 
(a) those species that occur in the Eem deposits 
in Germany or Denmark, but have not yet been 
found in the Netherlands; (b) those that are 
known — in the Netherlands — only from 


Fig. 2 — Map of the bay of Arcachon, 


with location of samples. Dotted areas: 


displaced Eem material (dredged up by ground 
works); (c) those species of which a different 
variety is found in the Eem deposits. 


The location of the samples is shown on maps 
fig. 1 and fig. 2. The OPCB columns in table II 
tefer to the distribution of the species in the 
samples of the same table: 


beaches and tidal flats. 


serie 


-. 


rn 


ocean beach samples (No. 31, 2, 3); 
samples from the tidal inlet (pass, „pas- 
ses. (N0932, 10,17 12, 4,5); 

= samples from the central area of the bay 
(80. 14 18.20,15, 33, 7,22,21,19)16):; 
= samples from the brackish environment 
in the innermost part of the bay (No. 6, 
12.198,859): 


well fe: ael®) 
Il 


Species which were found only in one sample 
(per environment) were indicated with small 
letters: opch. 

Most of the samples in tables I and II have 
been taken from shell accumulations or shell 
beds. The types of concentration (beach concen- 
trates due to wave action, gully and channel floor 
concentrates due to current action and Hydrobia- 
beds due to the work of Arenicola6 are given 
for each sample in tables IA and IIA. Only a few 
samples (table I, no. 23-30) refer to the surface 
layer of normal tidal flat sediments, where no 
special concentration of shells had taken place. It 
is seen in table II A, that the majority of the 
samples at Arcachon has been taken from the 
floor of channels and gullies. The reason was that 
if the Eem deposits in the Netherlands have been 
formed at all in a similar environment, most of 
the shell beds must have originated in gullies and 
channels. In general one may say that the pro- 
bability, that such formations are preserved in the 
fossil state, increases with the depth below sea 
level at the time of origin. 

Table III. — For comparison with Pleistocene 
material table III has been added. This table 
gives average percentages, recalculated after the 
data of Brouwer in such a way that they are 
directly comparable to the new data of the present 
paper. The origin of the samples is given at 
the end of table III. 

Table IV gives a list of all molluscs mentioned 
in this paper with their authors and with the 
synonyms used by Brouwer and Fischer. 


DISTRIBUTION OF SPECIES IN THE DUTCH 
SAMPLES 


(Tables I and I A) 
North Sea species 


Typical North Sea molluscs, that do not live 
within the tidal flat areas, are e.g. 
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It may be that living specimens of some of 
these molluscs occur occasionally in or near the 
tidal inlets, but no finds are known to the 
author. Their shells, however, are transported 
inwards, mainly by the currents of the flood, but 
also by wave action, and possibly by mollusc- 
eating fish. It is seen in table I that in the 
Wadden Sea their percentages decrease gra- 
dually from the tidal inlets towards the inner parts. 
In the Lauwerszee embayment (samples No. 22, 
28, 29, 30) there are hardly any North Sea shells 
(larger than 2.5 mm). Small and thin valves like 
those of young Spiswla subtruncata are carried 
inwards in greater quantities than heavy shells 
like those of Cardium echinatum. 

As is well known, the dominant species on the 
Dutch North Sea beaches from Bergen aan Zee 
southward to about the island of Voorne is 
Spisula subtruncata. North of Bergen Cardium 
edule is generally the most abundant constituent. 
This difference does not follow clearly from table 
I, however, because of the rather exceptional 
character of two of the four samples from north 
of Bergen. Sample No. 2 was taken from very 
fine material which abounded in young Spiswla 
shells. Sample No. 4 was collected only four 
weeks after the great storm surge of February 1, 
1953, and contained many more specimens of 
Mactra corallina cinerea and Angulus fabula than 
are usually found in this area. Most of these 
shells were double valves and to many of them 
some flesh was still attached. 


Species of tidal flat areas 


Of the molluscs in table I the following live 
in abundance in the Wadden Sea and in the 
Easter Scheldt (Zealand) 


Lepidochiton cinerens 
Littorina littorea 
Hydrobia ulvae 
Retusa alba 

Mytilus edulis 


Cardium edule 
Scrobicularia plana 
Macoma_ balthica 
Mya arenaria 


Less abundant are”: 


Ostrea edulis 

Petricola pholadiformis 
Abra alba 

Barnea candida 

Zirfaea crispata 


Littorina obtusata 
littoralis 
Hydrobia stagnorum 
Rissoa membranacea 
Crepidula fornicata 
Buccinum undatum 


” 


T The occurence of living specimens of Littorina 
obtusata littoralis, Hydrobia stagnorum, Rıssoa mem- 


Spisula subtruncata 
Mactra corallina cinerea 
Donax vittatus 
Angulus fabula 

Ensis ensis 


branacea, Buccinum undatum, Barnea candida and 
Zirfaea crispata seems well-established in the litera- 
ture, although they were not encountered by the 
author himself. As to the valves of Barnea candida 
and Zirfaea crispata, it is probable that most of 
them are derived from sub-recent deposits, dating 
from before the arrival of Petricola pholadiformis 
in the beginning of the 2oth century. 


Polinices catena 

P. polianus 

Cardium echinatum 
Venus gallina striatula 
Spisula solida 


6 See pl. 2, and van Straaten, 1952, 1954- 
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Many of the species mentioned above live 
also in the North Sea, although often in much 
smaller percentages than in the Wadden Sea, e.g. 
Buccinum undatum 
Mytilus edulis 


Cardium edule 
Petricola pholadiformis 


Scrobicularia plana 
Macoma balthica 
Barnea candida 
Zirfaea crispata 


One species, Angulus tenuis, has its normal 
habitat in the North Sea, but living specimens 
were also encountered in the southwestern part 
of the Wadden Sea. 

The distribution of the species, characteristic 
for tidal flat areas is, of course, far from homo- 
geneous, and the malacological composition of 
the shell beds varies accordingly. Shell beds on 
the floors of small gullies may be composed for 
the greater part of the valves of only one species, 
e.g. Mytilus edulis, Mya arenaria or Scrobicularia 
plana, in correspondence with the mollusc com- 
position of the drained and dissected area, see 
pl. 1, fig. B. At the base of the miniature cliffs, 
cutting off the coastal marshes, one may encounter 
beach concentrates, that consist nearly exclusively 
of the shells of a single species, e.g. Hydrobia 
ulvae ot Littorina littorea (pl. 1, C). In these cases 
the concentration is chiefly due to the sorting 
effect of the waves. The shell deposits on the 
floor of large channels show mostly a much more 
diversified character and give a better picture of 
the average composition of the mollusc fauna of 
the whole area (pl. 1, D). 

Apart from the inward decrease in the per- 
centages of admixed North Sea shells, there are 
regional malacological variations in the Wadden 
Sea due to other causes. Littorina obtusata 
iıttoralis, for example, has been mentioned in 
the literature as living at several places along 
the coasts of the southwestern part of the Dutch 
Wadden Sea (see van Regteren Altena, 1937), 
but not a single specimen was found by the 
author during his investigations in the central 
and eastern parts. 

There are also differences between the mollusc 
faunae of the Wadden Sea on the one hand and 
of the estuary of the Easter Scheldt in Zealand on 
the other. Valves of Ostrea edulis, which is 
cultivated in the Easter Scheldt, are more common 


in this area than in the Wadden Sea. Crepidula 
fornicata which is regularly found living in the 
Easter Scheldt is recorded by van Regteren Altena 
as common in the western Wadden Sea east of 
Texel, but is still rather rare in the central and 
eastern areas. The samples from Zealand in table 
I seem to indicate, moreover, a somewhat lower 
percentage of Cardium edule, and somewhat 
higher values of Macoma balthica and Scrobieul- 
aria plana than in the Wadden Sea. The number 
of samples is much too small, however, to permit 
any definite conclusions on this point. 


Recent changes in the mollusc fauna 


Some of the species of table I have been 
introduced in the Dutch fauna only recently. 
Mya arenaria appeared on the Dutch coast 
somewhere at the end of the 16th or the be- 
ginning of the 17th century, after the establish- 
ment of more intensive ship traffic with North 
America. Its arrival in Europe has been studied 
in detail by Hessland (1945). His conclusions are 
in complete agreement with the findings of the 
present author. No shells of Mya arenaria are 
found in the Netberlands in Holocene tidal flat 
and lagoonal deposits dating from before about 
1600 A.D., except perhaps an occasional rework- 
ed fossil specimen. Tne conclusion of van Ben- 
them Jutting (1942) that this species has always 
been living in the Dutch seas since the end of 
the Pliocene, with the exception only of the Eem 
interglacial, must therefore be modified. Mya 
arenaria has now to a large extent taken the 
place of Scrobicularia plana, at least on the tidal 
flats. Petricola pholadiformis was first observed 
in the Dutch waters in 1905, Crepidula fornicata 
in 1925. Ostrea edulis, on the other hand, which 
was a typical constituent of the Wadden sea 
fauna, has now almost disappeared from this 
area. Its shells are often found in old deposits, 
for example in the buried beach on southern 
Texel (No. 7) and in the Hydrobia-beds (No. 17, 
18), but are less frequent in recent concentrates. 
Oyster shells were also ınet with in the sample 
from the Zoutkamperlaag (No. 10), a deep 
channel in which much reworked older material 
must be present. 


PEATEI 
A — First stage of shell bed ‚formation. A meander neck of a tidal gully is being cut off by vertical erosion. 
As the finer material is carried away, the shells become concentrated as a lag deposit. Lauwerszee (Neth.) 
B — Shell bed on floor of ebb gully, mainly composed of valves of Mya arenaria. E. part of Lauwers- 
zee (Netherlands). 
C — Accumulation of shells of Littorina littorea, sorted out by waves, at base of marsh bluff. E. shore 


of Lauwerzee (Neth.). 


D — Shell bed formed on floor of tidal channel, about 4l3 m below former low ti 
excavation at Velsen (Neth.). 


de level, exposed in 
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LAUNE 2 


A very recent change in the composition of 
the Wadden Sea fauna has probably been brought 
about by the disappearance in 1932-1933 of 
Zostera. The Zostera flats were inhabited at least 
locally, by rich populations of Lacuna vincta and 
of Rissoa membranacea (van Goor, 1919, cited by 
van Regteren Altena, 1937). Little information 
on the effect of the Zostera disease on the abun- 
dance of these two species can be given by the 
present author. No shells were found at the 
surface of the flats in the investigated areas, but 
in the older deposits underlying these flats they 
were also very rare. Rissoa membranacea was met 
with only a few times, Lacuna vincta just once. 8 


Reworked fossil species 


Two of the molluscs mentioned in table I, viz. 
Bittium reticulatum and Venerupis senescens 
have been absent from the Dutch fauna during 
the whole course of the Holocene. The shells 
found in the recent samples are reworked fossils 
from Pleistocene strata, cropping out on the floor 
of tidal inlets and other deep channels, or on the 
shoreface of the North Sea coast. 


DISTRIBUTION OF SPECIES AT ARCACHON 
(Tables II and IIA) 


Horizontal distribution 


According to their occurrence in the samples’ 


of table II the species may be divided in several 

groups: 

a. those that are typical for the open ocean and/ 
or the tidal inlet, e.g. 


Turritella tricarinata Cardium echinatum 
communis 
Aporrhais pespelicani 
quadrifidns 
Polinices catena 
P. polianus 
Phalium saburon 
Colus jeffreysianus 
Neptunea sinistrorsa 
Acteon tornatilis 
Cylichna cylindracea D. variegatus 
Glycymeris glycymeris D. vittatus 
Pecten maximus Arcopagia crassa 
P. opercularis Angulus donacinus 
Cyprina islandica Pharus legumen 
Laevicardium crassum Ensis arcnatus 


b. those that have their maximum in the central 
area of the bay, e.g. 


C, pancicostatum 


C. tuberculatum 
Venus gallina striatula 
Spisula solida 

Sp. subtruncata 

Mactra corallina cinerea 
Donax trunculus 


Ostrea edulis 


Gibbula cineraria 
Crassostrea angulata 


G. magus 


S In a Hydrobia-bed south of Nes, Ameland. 
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Tricolia pullus 

Bittium reticulatum 
Calyptraea chinensis 
Ocenebra erinaceus 
Nassarius pygmaeus 


Loripes lucinalis 
Pythina macandrewi (?) 
Cardium exiguum 
Solen marginatus 


c. Species that have their maximum in the 
brackish water environments along the bay 
shores, e.g. 

Gibbula umbilicalis 


Littorina littorea 
Abra ovata 


Scrobicularia plana 

(Macoma_ balthica) 

Mya arenaria 

d. Species that are common in the inlet as well 
as in the central area, e.g. 


Abra alba 
Gastrana fragilis 
Angulus tenuis 
Barnea candida 


Pecten varius 
Divaricella divaricata 
Venerupis pullastra 


e. Species that are common in the central part 


as well as in the brackish shore areas, e.g. 
Haminoea navicula Modiolus adriaticus 


f. Species that are approximately evenly distrib- 
uted through all parts of the bay, e.g. 


Nassarins reticulatus 
Mytilus edulis 
Cardium edule 


Vertical distribution 


Venerupis aurea 
V. decussata 


Contrary to what might perhaps be expected 
there seems to be little systematic variation of 
the percentages in relation to depth. Gibbula 
umbilicalis and Littorina littorea are the only 
species which show distinctly a greater abundance 
in the samples from the tidal flat gullies. Tricolia 
pullus and Pythina macandrewi may perhaps be 
cited as examples of species which are chiefly 
found on the channel floors. 


Recent changes in the mollusc fauna 


Apart from the arrival of Mya arenaria, a few 
centuries ago, and from the introduction of 
Crassostrea angulata in 1866 (see Fischer, 1873), 
no recent changes in the fauna at Archachon are 
known to the author. 


COMPARISON OF THE FAUNA AT 
ARCACHON WITH THAT OF THE DUTCH 
TIDAL FLAT AREAS 
In the quantitative samples from the Dutch 
Wadden Sea and from the Easter Scheldt some 
20 species were encountered which are known 
to live in these same areas. In the quantitative 
samples from the bay of Arcachon this number 
is about 2.7 times as large. The total number of 
species found in the quantitative samples from 


BEATPZ 


Hydrobia-bed: 


shell bed formed by the burrowing activity of Arenicola marina. Vertical sections. 
tural size. Tidal flat, Nes, Ameland. 


Na- 
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the Arcachon area (bay + open sea) is also 
approximately 2.7 times the corresponding num- 
ber of the Dutch samples. 

The greater number at Arcachon is due, of 
course, to the higher temperatures, sce table V 
(p. 226). An important circumstance is also that 
in winter the water at Arcachon hardly ever 
freezes. 

Apart from the difference in numbers of 
molluscs between the two investigated areas, 
there is a difference in the distribution of the 
species. Two North Sea molluscs from the 
Netherlands, which are not known to live within 
the tidal flat areas in that country, are commonly 
found living in the bay of Arcachon. These 
are Epitonium clathrus and Solen marginatus. 


COMPARISON OF THE RECENT SAMPLES 
WITH PLEISTOCENE MATERIAL 

The fauna of the so-called marine intercalation 

A group of coarse sands with gravel and 
marine shells lies in the south-western part of 
the province of South Holland, at a depth of 22 
to 32 m (locally even more) below Ordnance 
Datum. These sands were interpreted by Tesch 
(1939) as forming a marine intercalation of the 
„high terrace deposits” (i.e. of the stratigraphical 
continuation of the deposits which, in the 
southeast of the Netherlands, form relatively 
high Iying river terraces). Tesch correlated them 
with other marine sands, found in the northern 
part of the Netherlands below the ground 
moraine, at depths between 20 and 60 m. Their 
age would then be Needian (according to the 
subdivision of the Dutch Pleistocene by van der 
Vlerk and Florschuetz), i.e. dating from the 
penultimate interglacial stage. Bennema and Pons 
(1952), however, found that for the deposits in 
southwestern South Holland another interpreta- 
tion is perhaps more likely, viz. that they date 
from the last interglacial stage: the Eemian 9. 
One of their arguments was that the typical Eem 
deposits, immediately to the north, in the pro- 
vince of North Holland, lie at practically the 
same depths. The difference between the mollusc 
faunae of the formation in South Holland and 
of the typical Eem deposits was explained by 
Bennema and Pons as due to a variation in 
facies. This new correlation was accepted by 
van der Vlerk and Florschuetz (1953) 10, 
® This was also the opinion of van der Sleen 
(1912a). 
10 One of the reasons of Tesch to assume a Needian 
age for the intercalation was the occurrence of the 
fresh and brackish water species Corbicula fluminalis 
(Müller) (cf. Tesch, 1944) which is supposed to 
have disappeared from Western Europe before the 
Riss glaciation, preceding the Eem interglacial stage. 
The value of this argument has to be re-investigated. 


About the molluscs from the marine intercala- 
tion in southwestern South Holland the following 
information may be given: 

Number of marine species and subspecies 


‘ (fully identified) in samples of Brouwer: 38 11. 


Of these 38 molluscs 35 are still living in Europe. 
The three extinct ones are Venus imbricata (re- 
worked from the Pliocene?), Venerupis senescens 
and Mactra corallina plisto-neerlandica. There are 
26 species that still live on the Dutch coast, 10 
of them restricted to the North Sea and 16 which 
can live in tidal flat areas. Of the remaining 9 
species which occur outside the Netherlands 1 
lives only more to the north (Serripes groenlan- 
dicus), 3 only more to the south (not beyond 
the Straits of Dover: Nassarius pygmaeus, Tur- 
bonilla rufa, Divaricella divaricata and the other 
5 both more to the north and more to the 
south:Bittium reticulatum, Diplodonta rotundata, 
Venerupis decussata, Gastrana fragilis, Corbula 
gibba. 

From the relatively large number of species 
(10) which cannot live in tidal flat areas, one 
might be inclined towards the conclusion that the 
„marine intercalation” has been formed in the 
open sea. Yet, from Brouwer’s data it follows that 
the total percentage of shells of open sea species 
in all samples together is only 5.4, and that the 
bulk of this percentage is formed by Spisula 
subtruncata and Donax vittatus. It is seen in 
tables I and II that such percentages of open 
sea material are found till far within the tidal 
inlets of recent tidal flat areas, owing to the 
transporting power of the flood currents. The 
high percentages of Cardium edule, Mytilus 
edulis, Scrobicularia plana and Macoma balthica 
and the great quantities of Hydrobia ulvae in the 
fine material, point as a matter of fact to a 
typical tidal flat environment. This was also the 
conclusion of Brouwer. 

As to the temperatures of the water, these 
cannot have been very much different from those 
of the present Dutch Wadden Sea. Of the 
„colder” species: Serripes groenlandicus only one 
fragment of the hinge area was found and the 
total percentage of the „warmer” species is only 
0.2 — 0.4. This material may well have been 
derived from older deposits. If the marine inter- 
calation really dates from the last interglacial 
stage, this older formation could be the typical, 
warmer, Eemian formation itself. 


The fauna of the Eemian deposits 


It is not the purpose of this paper to give a 


complete treatment of the mollusc fauna of the 
"1 Not mentioned in table III: Hydrobia stagno- 
rum, Hydrobia ulvae and Nassarius reticulatus var. 
mammillatus. 
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No. ı Pointe du Sud, beach, low tide line to high tide line „  20-V-53 
2 Cap Ferret, ocean beach, half tide line to high tide line , 21-V-53 
3 Cap Ferret, ocean beach, low tide line to half tide line , 21-V-’s3 
4 Cap Ferret, surface tidal flat, near low tide line Vs, 
5 Le Bernet, sand shoal, 13 m below low tide level ee Nye 
6 La Hume, shell bed on floor of ebb gully „. 23-V-’53 
7 Arcachon, beach of channel, near low tide line ».24-V-53 
8 Le Teich, shell bed on channel floor, depth about ı m „..25-V-’53 
9 Le Teich, shell bed on floor of ebb gully „.25-V-53 
ıo Banc du Ferret, beach, near high tide line N 53 
12 Les Passes, channel floor, depth about ıs m or N 
13 Chenal d’Arcachon, channel floor, depth about r2 m „  28-V-’s3 
14 Le Bancot, sand shoal, near low tide line „  28-V-’53 
ı5s Les Hosses, shell bed on floor of ebb gully ag-Vs3 
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22 Teychan ‚ channel floor, depth about ıo m „ ı-VI-s3 


All depths refer to low tide 


fraction < 2.5 mm has been lost during sampling. 
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The value of this argument has to be re-investigated. mammillatus. 


level. In no. 12, 13, 19, 20 and 2r part of the 


Eem deposits. Only those Eem species will be 
considered here that were represented in the 
quantitative samples of Brouwer 12, or which 
were encountered in the recent samples from 
Arcachon. For this material the following fi- 
gures can be mentioned: 

Number of marine species and subspecies 
(fully identified) in samples of Brouwer: 38. Of 
these 38 molluscs 36 are still living in Europe. 
The remaining 2, extinct since the Eemian, are 
Venerupis senescens and Mactra corallina plisto- 
neerlandica. There are 25 species which are still 
living in the Netherlands; 9 typical for the North 
Sea, 16 which inhabit tidal flat areas. All 36 
species, living to day, occur at Arcachon: 10 of 
them are typical for the open sea, 26 are found 
in the bay itself 13, 

Although the number of open sea species in 
the Eem samples is relatively large, the total 
percentage formed by these molluscs is much 


too small to assume a deposition in or along the 
12 The total number of Eem molluscs is, of course, 
very much greater. 

13 Nucula nucleus, Heteranomia squamula, Venus 
ovata, Hiatella arctica (open sea species) and Retusa 
alba (tidal flat species) were not found by the author 
but are mentioned by Fischer. 
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open sea. Just like in the case of the „marine 
intercalation”, it may be deduced that the Dutch 
Eem sediments have been formed in a tidal flat 
area, into which small amounts of open sea shells 
were carried by the flood currents. 

A detailed comparison of the frequencies of 
the (fully identified) species in the quantitative 
samples from the Dutch Eemian and from 
Arcachon is given in fig. 3. The percentage of 
the fossil Venerupis senescens has been directly 
compared, in this diagram, with the value for 
Venerupis aurea from Arcachon. The difference 
between these two is very small. Valves of young 
specimens cannot be distinguished. The adult 
specimens of V. senescens are, however, larger 
than those of V. aurea. The sculpture on the 
posterior part of the valves is moreover usually 
somewhat more irregular on the adult valves of 
V. senescens than on V. aurea !#., 

For the comparison of fig. 3 only part of the 
samples taken in the bay at Arcachon has been 
used. Shell accumulations formed on beaches or 
on high shoals and tidal flats, like those analyzed 
at Arcachon (No. 4, 7, 14) are easily eroded. 


14 See Brouwer (1941c) and van Regteren Altena 


(1942). | 
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ata of Brouwer) 


of the Eem species (recalculated after d K 
of Arcachon (No. 5, 13, 20, I5, 7, 22, 21, 19, 6). Der- 
f 0.01 to 0.5 have been indicated as 0.5 "/o. 


TABLE III. — AVERAGE COMPOSITION OF SAMPLES FROM DUTCH PLEISTOCENE 


The percentages given are average values for each group of samples analyzed by Brouwer. They have 
been recalculated so as to be directly comparable to the values of Tables I and II. The gastropod and 
scaphopod percentages refer to the total values of all identified molluscs in the coarse fraction. The pelecy- 
pod percentages refer to the total of the identified peleeypod values. Percentages 0.0 means smaller than 0.05; 
x means present, but not mentioned in quantitative analyses. 


I | I I Iv v 
IRA Eem Eem Eem Eem 
5 Gibbula-cinerara » > 2 2 Ba... — 0.0 0.0 0.8 _ 
9 Nehndonghgten Ikone 0.7 7.6 4.1 7.0 19 
11 _ SEXAtUS0EE TO ASPATER = 0.2 2.9 181 147 0.3 
ie IR SSO a Nena ee —_ 12 0.7 1.4 — 
«S)| Nermanellla en eommnmus 5 nn on. 0.1 — _ — — 
16 BD LUBDEITeLL er AL x 59.7 59.8 47.1 47.0 
18 Biene Glenn 5 5 06 ano X 0.1 _ 0.1 _ 
21 Boliyieess oatene ern 55 _ _ 0.1 0.2 
— spec. ER FEB. 0.0 — E — _ 
24 OdenebrMen acer ee _ _ —_ 0.1 — 
29 INIGISSCHRUNS NUDE ae X 0.7 1.0 3.4 1.4 
30 _ KELUCH ALT Se re a 0.5 1.5 2.3 3:5 5.8 
BOB) WE Loraatizn ec 0.1 — — _ — 
BABWERerzsaerdlbz en ae een — — _ _ 0.2 
Soap Be 77borill ner. A 0.1 — — 02 _ 
Demi SE 5 0 0 8 Ran ee 0.0 — —_ _ —_ 
Ad) Niere verein 0 0 80 — —_ 0.2 0.4 — 
48 Mt uss gau ls 73 2280: 218 7.4 6.0 
50 RectenKop.e).c1 ar a 0.1 — _ — — 
51 —_ DAS ac mern Be —_ 0.5 —_ 13 — 
Da Valanaehnonen SO, © 5 ann _ — E— 0.3 _ 
54 Ostneae due 3 6.1 8.3 16.8 2 
Ganditanspecn 0.1 — — _ — 
90B) Dip lodentanmotund a 0.1 — e= _ - 
5% Dıwanıeelland 0 aric a X 2.8 0.6 21 4.6 
64 Gardıumı ednle WESmisr: We rer 65.2 30.2 20.9 30.6 43.5 
65 — Ra ee _ 0.5 0.4 0.7 0.7 
66 —_ paucıcost. ee ee — 2.8 1,5 15 0.4 
Saal Ser Woenlinebens 6 6 RER X — — — == 
70 D)osiaamLn DU Se 0.0 — E= 0.4 0.9 
al Monzs mem 0 0 or 0.0 — —_ — — 
LE — OUAUA ER EN u EN _ 0.5 0.1 1.0 4.9 
75 Venen üpısaaecHs Sa 0.2 0.5 0.3 0.7 —_ 
BB) — SCHESCEHE Sa ee ee 4.2 6.6 10.2 9.5 3.4 
80 Noll, solamenaeania 6 0 0 0 nn En 2.4 38 0.9 55 7.9 
81 MM ac tina or ac a _ — _ 0.7 — 
81B| — Corp Stone 0.2 0.5 _ 0.2 0.2 
87 VDNOSDTE TEENS EB ne 2.4 — — — — 
90 Abra alba ME 0.0 _ 0.1 _ — 
93 Serowenlamanlanıa 5 5 Ban 73 33 0.8 3.6 1.6 
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TABLE III. (CONTINUED) 


nn nn uiid 1 a a 
95 ER Te Gr 0.1 _ — 0.7 0.5 
96 Macomsa Baliacan 2 0 a 6.9 1.9 0.8 58 20.8 
98 NEU Sa Be 0.0 _ — _ 

SE) — tenuis = —— 0.4 a 

102 SObon aan en 0.1 — _ — 

— SOC — 0,5 0.3 — 0.5 

(103) SOSE Seen —_ —_ —_ 0.2 — 
NED, | ER een er _ _ _ 0.3 = 
106 Coral sg ee erer 0.2 12,7 23.2 6.8 1.6 
107 NER ee (x) —_ — 0.2 _ 

SEC u 0.0 — == 0.2 

108 ae 17 582 9.9 1.6 -— 

OSB WII TZeR ersparen 0.1 _ — 0.2 — 
Identified specimens . 2 2. 2.2.2.2.2.. [3934 806 3155 1935 643 
m GastRopE uScphop.e nn ne 1.7 73,7 69.8 65.2 56.0 
% Pelecypods he #2 Me 98.3 26.3 30.2 34.8 44.0 


I, H.T.: “High terrace in marine facies”. Total of 19 samples from borings at The Hague. 
II, Eem: Total of 5 samples from borings at Amsterdam (“sandy facies”) 
ETRemSee er % 4 2 : nr (“clayey facies”) 
IV Keine 1? r n re „ Haarlem 
Veen, 2,110 58 * % „ in IJssellake (IV, V, VI, VII, IX, XT, XII, XIII XIV, XV 
in Brouwer 1943 b). 


TABLE IV. — LIST OF MOLLUSCS MENTIONED IN PAPER, WITH AUTHORS AND SYNONYMS USED BY BROUWER AND 
FISCHER 


Species, in first column, in parentheses: names not used in paper; species, in second and third columns, in 
parentheses: synonymy only partial. 


Van Straaten Brouwer Fischer 
Lepidochiton cinereus L. = Chiton cinereus L. 
Acantochiton crinitus Penn. — Chiton fascicularis L. 


Diodora apertura Mont. — Fissurella reticulata Don. 
Patella vulgata L. — id. 


Gibbula cineraria L. id. Trochus cinerarius L. 


— magus L. — Trochus magus L. 


— umbilicalis Da C. = Trochus umbilicatzs Mont. 


Lacuna vincta Mont. 


Tricolia pullus L. — Phasianella pullus L. 


Littorina littorea L. id. id. 

— obtusata littoralis L. — Littorina lhttoralis L. 

— ri Or id. Littorina rudis Don. 

Hydrobia stagnorum Gmel., Hydrobia ventrosa, | — 
Hydrobia stagnalis Baster Hydrobia stagnalis Baster | 

Hydrobia ulvae Penn. id. Palndestrina muriatica Lam. 

Rissoa membranacea J. Ad. id. Rissoa labiosa Mont. 


id. 


— parva Da C. 
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Van Straaten 


Turritella tricarinata 
communis Rıisso 


[ef. Turritella tricarinata 
tricarinata Br.] 


Bittinm reticulatum Da C. 
Triphora perversa L. 
Epitonium clathrus L. 
Calyptraea chinensis L. 
Crepidula fornicata L. 


Aporrhais pespelicani 
quadrifidus Da C. 


Polinices catena Da C. 

—  polianus Della Chiaje 
Phalium saburon Brug. 
Ocenebra erinacenus L. 
Colus jeffreysianus P. Fisch. 
Neptunea sinistrorsa Desh. 


Buccinum undatum L. 
Nassarins incrassatus Ström 
— pygmaeus Lam. 


—  reticnlatus L. 
Lora turricula Mont. 


Mangelia albida Desh. 

—  attennata Mont. 
Acteon tornatilis L. 
Haminoea navicula Da C. 
Retusa alba Kanm. 

— mammillata Phil. 

—  retusa Mat. et Rack. 
Odostomia albella Loven 
Turbonilla crenata Brown 
Turbonilla elegantissima Mont. 
—  fenestrata Jeffr. 
Cylichna cylindracea Penn. 
Philine aperta L. 
Dentalium vulgare Da C. 
Nucula nucleus L. 

Arca lactea L. 

— tetragona Poli 
Glycymeris glycymeris L. 
Modiolus adriaticus Lam. 
Mytilus edulis L. 

Pecten maximus L. 

— opercularis L. 

— wvarius L. 

Lima hians Gmel. 
Heteranomia squamula L. 
Anomia ephippium L. 
Ostrea edulis L. 
Crassostrea angulata Lam. 
Cardita spec. 

Cyprina islandica L. 


TABLE IV. (CONTINUED) 


Brouwer 


x 


Turritella cf. communis Risso 


id. 


Clathrus clathrus L. 


(Aporrhais pes-pelicani L.) 


Natica catena Da C. 


id., 

Nassarius pygmaeus L. 
id. 
id. 


Turbonilla rufa Phil. 
Turbonilla lactea Weink. 


Chlamys varia L. 


ne 


Fischer 


Turritella communis Risso 


Cerithium scabrum Ol. 
Triforis perversa L. 
Scalaria communis Lam. 
Calyptraea sinensis L. 


(Chenopus pespelicani L.) 


Natica monilifera Lam. 
Natica nitida Donovan 
Cassis saburon Lam. 
Murex erinaceus L. 
Fusus Jeffreysianus Fischer 
Fusus contrarius L. 
Neptunea contraria L. 
id. 
Nassa incrassata Müller 
Nassa pygmaea Lam. 


Nassa reticulata L. 


Pleurotoma turricula Mont., 
Defrancia turricula Mont. 


id. 
Tornatella fasciata Lam. 
Bulla hydatis L. 
Utriculus mammillatus Phil. 
Utrienlus truncatulus Brug. 


Chemnitzia rnfa Phil. 
Chemnitzia elegantissima Mont. 
Chemnitzia fenestrata Jeffr. 
Cylichna cylindracea Mont. 

id. 

id. 

id. 

id. 
Pectuncunlus glycymeris L. 
Modiola adriatica Lam. 


id. 


Pecten varıus L. 

id. 
Anomia aculeata Müller 

id. 

id. 
Ostrea angulata Lam. 


id. 


Van Straaten 


Diplodonta rotundata Mont. 
Divaricella divaricata L. 
Loripes lucinalis Lam. 
Codakia reticulata Poli 
Pythina macandrewi P. Fisch. 
Mysella bidentata Mont. 
Montacuta ferruginosa Mont. 
Laevicardium crassum Gmel. 
Cardium echinatum L. 

— edule L. 

— exiguum Gmel. 

—  paucicostatum Sow. 
—  tuberculatum L. 
Serripes groenlandicus Brug. 
Callista chione L. 

Dosinia exoleta L. 

—  lupinus L. s.l. 

Venus casina L. 

— gallina striatula Da C. 
— imbricata Sow. 

— ovata Penn. 

— wverrucosa L. 
Venerupis aurea Gmel. 

— decussata fusca Gm. 
— pullastra Mont. 

— rhomboides Penn. 


—  senescens Cocc. 


Mysia undata Penn. 

Petricola pholadiformis Lam. 
Spisula solida L. 

— subtruncata Da C. 

Mactra corallina cinerea Mont. 


— corallina plistoneerlandica 
van Rest. Alt. 


— glauca Born 
Lutraria lutraria L. 
— magna Da C. 
Donax trunculus L. 
— variegatus Gmel. 
— erıttatus Dar 


Gari depressa Penn. 
Solecurtus scopula Turt. 
Abra alba W. Wood 
— ovata Phil. 

— tennis Mont. 
Scrobicularia plana Da C. 
Arcopagia crassa Penn. 
Gastrana fragilis L. 
Macoma balthica L. 
Angulus donacinus L. 
— fabula Gron. 


TABLE IV. (CON’TINUED) 


Brouwer 


id. 
id. 


Cardium groenlandicum Chemn. 


(Dosinia lufinus lincta Mont.) 


Paphia aurea Gmelin 
Paphia decussata L. 


Paphia senescens Cocc. 
(Paphia aurea Gmelin) 
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Fischer 

id. 
Lucina divaricata L. 
Lucina lactea L. 
Lucina reticulata Poli 
Kellia Mac Andrewi Fischer 
Erycina bidentata Mont. 
Erycina ferruginosa Mont. 
Cardium norvegicum Spengl. 

id. 

id. 

id. 

id. 

id. 
Cytherea chione L. 

id. 
(Dosinia lincta Pulteney) 

id. 
(Venus gallina L.) 

id. 
Tapes aureus Gmelin 
Tapes decussatus L. 
Tapes pullastra Mont. 
Tapes virginea L., 

Tapes virgineus Gmelin 


Lucinopsis undata Penn. 
Mactra solida L. 

Mactra subtruncata Da C. 
(Mactra stultorum L.) 


Mactra helvacea Chemn. 
Lutraria elliptica Lam. 
solenoides Lam. 

id. 
Donax politus Poli 
Donax anatinum Lam., 

Donax semistriata Poli ? 

Psammobia vespertina Chemn. 
Solecurtus candida Renieri 
Syndesmya alba Wood 
Syndesmya segmentum Recluz 


Lutraria 


Scrobicularia piperata Gmel. 
Tellina crassa Penn. 
Fragilia fragilis L. 

Tellina solidula Pulteney 
Tellina donacina L. 

Tellina fabula Donovan 
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TABLE IV. (CONTINUED) 


nn nn nn ZZ — 


Van Straaten Brouwer Fischer 
Angulus tenuis Da C. id. Tellina tennis Da C. 
Tellina incarnata squalida Mont. = (Tellina incarnata L.) 
Pharus legumen major B.D.D. _- Ceratisolen legumen L. 
Solen marginatus Mont. id. Solen marginatns Pult. 
Gl er Nee, Ensis ensis L. Solen ensis L. 
— ensis L. \ 
—  siliqua L. _ Solen siligua L. 
Hiatella arctica L. id. Saxicava arctica L. 


—  striata Fleuriau — 


Corbula gibba Ol. Aloidis gibba Ol., 


Mya arenaria L. id. 
Barnea candida L. Barn(a)ea candida 
Zirfaea crispata L. 
Pholas dactylus L. — 
Teredo spec. — 
Thracia papyracea Poli — 
Sepia orbignyana Fer. - 


They must be of very rare occurrence in fossil 
formations. The probability that shell beds from 
the shallow, brackish, innermost parts of tidal 
flat areas are preserved is also rather small. Most 
of the shell beds of the Eemian deposits have 
probably been formed on the floor of channels 
and gullies. For the computation of the average 
percentages for Arcachon only the following 
samples have therefore been chosen: 

5 samples from deep channels, No. 13, 19, 20, 

2,2 
1 sample from the shallow end of a flood chan- 

nel, No. 5 
2 samples from gullies in the central area, No. 

0, 

The result of this comparison is rather striking. 
Most species have about the same relative 
abundance in the Eem samples as in the central 
parts of the bay of Arcachon. There are some 
exceptions, nevertheless: 

Average 
percentage 
at Arcachon 


Average 
percentage 
in Eem deposits 


Gibbula cineraria 


Son 0.2 
G. umbilicalis Jon 0.2 
Littorina littorea 1.0 5.0 
Bittium reticulatum 21.7 53-4 
Loripes lucinalis 22.9 — 
Cardium exiguum 5.6 0.6 
Spisula subtruncata — 4-4 


Macoma balthica 
Corbula gibba 


OO 
Dr 
= 
- 
- 


As to the difference in the percentages of 
Bittium reticulatum, this may be due to a dif- 
ferent method of analysis. In the samples from 
Arcachon only those specimens have been counted 


Aloides gibba Ol. 


Saxicava rugosa Penn. 
Corbula nucleus Lam. 


id. 
1 Pholas candida L. 


Zirphaea crispata L. = 


id. 
id. 
Thracia phaseolina Kiener 


id. 


which did not pass through the 2.5 mm sieve. 

With respect to Macoma balthica it might be 
suggested that its reduced percentage in the bay 
of Arcachon has something to do with the 
abundance of Loripes lucinalis, a mollusc which 
is not known at all from the Eem deposits. It 
could be that the two species require just the 
same environmental conditions and that, once 
Loripes lucinalis has settled in the area, Macoma 
balthica is not able to keep up the competition. 
In this connection it may be pointed out that 
it is only in the central parts of the bay that 
Macoma balthica is practically absent, and that 
this is just the area where Lorzpes lucinalis has 
its maximum distribution. 

No such reasoning can be applied to Corbula 
gibba. The distribution of this species has pro- 
bably been reduced since the Eemian, so that it 
lives now in large numbers only in the deeper 
parts of the open sea (e.g. near Heligoland, see 
Caspers, 1939). 

Notwithstanding these differences it must be 
admitted, however, that the quantitative compo- 
sition of the mollusc fauna at Arcachon is re- 
markably similar to that of the Eem deposits. 
From this similarity the following conclusions 
may be drawn: 


a. the Eem sediments have been formed in 
a typical tidal flat area; 


b. the temperatures of the Eem waters may have 
been very similar to those of the present bay 
of Arcachon, i.e. about 4°C higher than (at 
present) in the Netherlands. 


It has been suggested by van der Sleen (1912a, 


1912b), that the difference between the Eem 
fauna and the present fauna of the Dutch coast is 
the result, not of unequal temperatures, but of 
a difference in bottom character. The Eem fauna 
would point, according to this author, to a 
typically stony (rocky or gravelly) bottom. A 
rather similar view was expressed by Tesch 
(1942), who supposed that the different character 
of the Eem fauna can be attributed to another 
type of water circulation and to a more varied 
composition of the bottom. From the similarity 
with the present day fauna at Arcachon, it 
follows, nevertheless, that a stony bottom 
character or a different type of water circulation 
is not essential for a mollusc fauna like that of 
the Eem deposits. The water movements in the 
bay of Arcachon are completely analogous to 
those in the present Dutch Wadden Sea and there 
are no stony bottoms, except perhaps at the 
entrance, where, on the tidal flats of Cap Ferret 
(around sampling locality No. 4 on map fig. 2) 
scattered reworked pebbles from Pleistocene (?) 
gravels are found. The bay itself is characterized 
by bottoms of sand and mud, the latter usually 
covered by a dense Zostera vegetation, at least 
in the intertidal areas. 


It must be pointed out that the similarity in 
composition of the shell beds does not prove 
that the average temperatures of the Eem sea 
have been the same as those in the present bay 
of Arcachon. Nearly all mollusc species of the 
Eem deposits, which are found living at 
Arcachon, are also found along the coasts of the 
British Channel. No quantitative data are 
available concerning the malacological composi- 
tion of shell beds in tidal flat areas along the 
Channel. This composition may turn out, how- 
ever, to be approximately the same as in the 
Eem deposits and in the bay of Arcachon. The 
possibility can not be excluded, therefore, that 
the Eem sea was only 2° or 3°C warmer than 
the present Wadden Sea, cf. table V. 


TABLE V —- AVERAGE TEMPERATURES OF SURFACE 
WATER (°C) 


Dutch Wadden Channel coasts?) Bay of 


Seal) East.part West.part Arcachon?) 
February 3 6 Io ro 
August 17 17 Be, 21 
Year 12 II 1213 16 


ı. Data from Marsdiep (1894—1932) and Roptazijl 
(1919-1932), kindly provided by Mr. R. Roskam, 
Rijksinstituut voor Visserijonderzoek, IJmuiden 
(Neth.) 

>. Data from Lumby (1935) 

3. Estimates, based on offshore data cited by Rouch 


(1946). 


15 besides the occurrence of Corbicula fluminalis 
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Relation between the Eem deposits and the 
„marine intercalation” 


From the above mentioned results it may be 
deduced that the difference in mollusc compo- 
sition between the Eem sediments and the 
„marine intercalation” in southwestern South 
Holland cannot be due to unequal salinities, or 
to the difference between tidal flat and open 
sea conditions. Both deposits have been formed 
in tidal flat environments, both at some distance 
from the tidal inlets. The dissimilarity of the 
mollusc faunae is caused by a difference in tem- 
peratures, amounting perhaps to some 3° to 
4°C. Yet, it seems quite possible, that the two 
deposits date from the same interglacial stage. 
The marine intercalation could then have been 
formed in an earlier or a later part of that period. 

In this connection it is of interest to note the 
results of the investigations of Dittmer (1941) 
on the west coast of Schleswig Holstein (Ger- 
many). By studying a great number of undisturb- 
ed core samples he was able to establish the 
following subdivision of the Eem deposits in 
that area: 


Olander Beds 

Turritella-clay and 

> | Senescens-sand 
Freshwater deposits 


Upper Eemian — 
Lower Eemian 


Whereas the Senescens-sand contains the 
typical rich Eemian fauna, the number of 
molluscs is greatly reduced in the (marine part 
of the) overlying Olander beds. This reduction is 
mainly due to the disappearance of the „warmer” 
species. It might be that the „marine intercala- 
tion” in South Holland is of the same age as 
Dittmer’s Olander beds. 

One difficulty remains to be solved 15 before 
an Eemian age can be assumed for the deposits 
of the marine intercalation, viz. the problem of 
their depth, which is about the same as that of 
the typical Eem sediments. In correspondance 
with the colder character of the fauna one would 
expect the sea to have stood at least a few meters 
lower, as a result of the growth of the ice caps 
in the polar areas. The explanation is perhaps 
that the intercalation is slightly younger than 
the typical Eem deposits, and that there has been 
a delay of a few thousand years between the 
worldwide drop in temperature and the growth 
of the ice caps. 
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JOINTING IN THE PERMIAN DOME DE BARROT, S-FRANCE 


Nas R. D. SCHUILING! 


RESUME 


L’auteur a fait une &tude statistique des diaclases 
dans le Permien du Döme de Barrot (dept. Alpes 
Maritimes). Il parait qu’il y a deux systemes princi- 
paux de diaclases dans une grande partie du Döme, 
(rt) systeme radial: direction perpendiculaire sur la 
direction des couches, inclinaison verticale, (2) systeme 
tangentiel: la ligne d’intersection des diaclases avec 
les couches est horizontale, l’inclinaison des diaclases 
est raide et forme un angle de 90° avec l’inclinaison 
des couches. Ces deux systemes semblent £&tre &troite- 
ment lies a la deformation du Permien en döme 
periclinal. Les diaclases montrent les proprietes des 
diaclases nees par tension. Elles ont une surface 
grenue, ne montrent pas de deplacements et contien- 
nent souvent un remplissage. Ni le Döme, ni ses dia- 
clases ne sont causees par quelque compression. Le Döme 
est forme par une force verticale, r&sultant en tension. 
Cette tension a cause des systemes de diaclases de 
tension. 


INTRODUCTION 


During the summer of 1954 and 1955 the 
author worked for some months in the French 
Alps, 60 km northwest of Nice (Nizza) (fig. 1). 
The object of this fieldwork was the mapping 
of a Permian dome and the statistical study of 
its joint systems. This dome was chosen because 
of its regular structure and well-known geology, 
and the abundant and beautiful development of 
its joint systems. 


STRATIGRAPHY 


Mapping and study of jointing was done in 
Permian and Lower Triassic deposits (fig. 2). 
The Permian has two different facies: (1) the 
facies of the red pelites, which we called mud- 
crack facies, because of a never failing feature, 
and (2) the facies of Le&ouve, characterised by 
thick conglomerates and arkoses, and by the ab- 
sence of mudcracks. 

The Permian in mudcrack facies is a regular 
and monotonous red sediment, more than 1000 
m thick. Erosion has not yet reached its base. It 
is very regularly stratified and contains at dis- 
stances of about 1 m a finely laminated layer of 
1-20 cm thickness. The material, in between, is 


1 Mineralogisch-Geologisch Instituut, Oude Gracht 
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an unstratified red pelite. On the surface of such 
a finely laminated layer one can always find 
mudcracks, and in addition often ripplemarks, 
fossil raindrops, tracks and burrows of worms. 
Recent erosion made these mudcrack layers stand 
out a bit. 

The facies of Leouve attains a maximum 
thickness of just over 100 m. It is restricted to 
the southern border of the Dome. It thins out 
towards the west, north and east, where it is 
replaced by Permian in mudcrack facies. In the 
southern part of the Dome it comes on top of the 
mudcrack facies. It consists of lens-shaped beds 
of conglomerates and arkoses, with, in between, 
unstratified red pelitic material. The pebbles of 
the conglomerates are mainly rhyolitic. 

After the deposition of these conglomerates 
and arkoses deposition was at a standstill, and 
some erosion took place. The Permian surface is 
slightly eroded. On top of this disconformity the 
Lower Triassic was deposited. Its lower member 
consists of quartz-conglomerates, arkoses and 
cross-bedded sandstones. The conglomerates are 
totally different from the Permian ones, the 
boulders of which are mainly rhyolitic. Next 
comes a series of red pelites, somewhat lighter- 
coloured than the Permian pelites. They often 
contain muscovite. The Lower Triassic with a 
thickness of about 60 m is separated from the 
Muschelkalk by a layer of carneol and gypsum. 
Because of its regular stratification in places 
where the gypsum has not been tectonically dis- 
turbed, its fixed stratigraphic position and the 
intercalation of some platy limestones we are 
inclined to believe that the gypsum was formed 
where it is found now. Bordet (personal com- 
munication) maintains, however, the possibility 
of a migration by diapirism from above out of 
the Keuper gypsum layers, without denying the 
possibility of autochthonous formation. 

The Muschelkalk is developed as a massive 
limestone. 


TECTONICS 


The Dome is situated in the subalpine chains. 
In the region studied there are three tectonical 
levels, which are stratigraphically determined. 
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These levels are: 

(1) the Permian and Lower Triassic, which 
have undergone only a vertical uplift; 

(2) the Muschelkalk, locally strongly folded, 
on top of a first lubricating layer of carneol and 
sypsum; 

(3) the Jurassic and Cretaceous, in which this 
interesting phenomenon of disharmonic folding 
is repeated above a second lubricating layer, con- 
sisting of the carneol beds and gypsum layers of 
the Keuper. 


Arkoses, 
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base in preparing a structural map. Moreover 
some mountains are just capped by an erosional 


.relict of them. which enables us to make a good 


check of construction from sections. Besides, 
there is no recognisable and reliable stratigraphic 
marker in the Permian itself. There seems to be 
good reason to choose this stratigraphic boundary, 
although it is an erosional surface. Because of the 
general concordance of Permian and Lower 
Triassic, this surface closely follows the structure. 


Muschelkalk, mainly massive limestone 


Carneol with gypsum intercalations 


Red pelites of the Lower Triassie 


quartz conglomerates and cross-bedded 
sandstones of the Lower Triassic 


50m 


10m 


Disconformity, with erosion of the Permian surface 


Upper Permian, facies of L&ouv£, lenticular arkose 
and conglomerate beds with unstratified red pelitic 
material in between 


Lower Permian, red pelites with interbedded mud- 


Om. 


crack layers, thickness unknown 


Fig. 2 — Stratigraphical table. 


THE DOME 


The Dome has a regular and simple structure 
as can be seen from the map and the sections 
(fig. 1 and 3). It is only disturbed by a number 
of steep faults of the normal down-thrust-type. 
As the Lower Triassic rocks always stand out 
because of their resistance to weathering, we 
chose the Permian-Triassic boundary plane as a 


JOINTS 


Facts 

When passing along one of the roads N 202 
(along the Gorges de Daluis along the Var river) 
ot D 28 (along the Gorges du Cians) one is 
struck by the abundant development of the joints. 
Jointing is an omnipresent phenomenon in the 
whole Permian. Jointplanes pass through the 
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rocks often for more than 20 m, constituting 
steep huge walls. Rivers have extensively used 
these jointplanes to cut deep valleys through the 
Permian. The jointplanes have about the same 


characteristics throughout the whole structure. ' 


They are often more clearly developed in the 
somewhat harder mudcrack layers. The joints are 
often filled up with calcite (common), quartz, 
dolomite, barityne, siderite or even malachite 
(rare). We never observed striae or anything of 
the sort on the jointplanes as witnesses of a 
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SECTIONLINES AS INDICATED ON STRUCTURAL MAP 


plotted all these measurements on an equal-area 
projection (Schmidt's projection). We call a 
tectonically homogeneous area an area where the 
orientations of the beddingplanes are practically 
the same. Following the normal method (Fair- 
bairn, 1949) we determined the densities of the 
jointpoles and divided them in 5 groups, viz. 
0—2 %, 2—8%, 8—14%, 14—20 % and more 
than 20%. This division has been chosen in such 
a way that we can easily separate a minimum and 


a maximum-density and that the intervals in the 
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Fig. 3 — Sections across the Permian Dome de Barrot. 


relative displacement. Occasionnally we can find 
traces of a relative displacement in the upfilling 
of the joints (fig. 4). This displacement has noth- 
ing to do with the formation of the joints, 
as it took place after the process of filling, 
which was necessarily later than the origin of 
the joints. Microscopic slides of the jointplanes 
revealed that the individual grains are not cut, 
the jointsurface is granular. In a fine-grained sed- 
iment (e.g. the red pelites) this results in a 
smooth surface, but in the coarse-grained arkoses 
in a rough one. 

The measuring method was as follows: when 
the development of the joints was poor we 
measured 5 joints, when normal 10 joints, and 
20 when abundant. In this way we prevented 
that nature and extent of an exposure played any 
role. Having measured the exposures of a tec- 
tonically homogeneous area at many points, we 


normal density-reach are equal. 

There seems to be a fundamental difference 
between the jointsystems in the western and in 
the eastern part of the Dome. When comparing 
the diagrams with one another which we con- 
structed from the western part of the Dome it 
is clear that there are always two principal 
jointsystems (fig. 5 and 6, I, I, III). The first 
system, which we call the radial system, is ver- 
tical and strikes perpendicular to the bedding- 
planes; the second system, which we call 
the tangential, is steeply dipping. Its dip 
makes an angle of 90° with the dip of 
the beddingplanes; the line of intersection of this 
system and the beddingplanes is horizontal. An 
ideal diagram would be like fig. 7, VII. In the 
eastern part of the Dome, where deformation was 
less regular, only one jointsystem has developed, 
independent of the orientation of the bedding- 
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planes. In the northeastern part its orientation is 
about N50°E/80°, in the eastern part N50°E/ 
90°, to the south it turns to N130°W/80° (fig. 
8. IyeVevD. 


Age of jointing 


Joints must have developed before the origin 
of the faults. Evidence of this contention is to be 
found in diagrams of fig. 6, VI and 7, VII from 
a zone just outside the flexured zone along the 
big southeastern borderfault and from inside that 
zone. We can see that the joints were already 
there and passively rotated along the axis of the 
flexure together with the beddingplanes into 
their new position. 


Theories 


In the literature two types of joints are 
described, both in technics as well as in geology, 
viz. joints originating by shearing stress and joints 
originating by tension. Shearjoints consist of two 
systems symmetrically arranged between the short 
and the long axis of the strain-ellipsoid. There 
has been a little displacement of the jointplanes 


Fig. 4 — Fibrous calcite filling in two cross joints 
Movement along joint planes after the filling up in- 
dicated by distortion of calcite fibres (magn. about 


6:2): 


Fig. 5; — Photograph of two joint system with cal- 
cite filling in a mudcracked layer. Handle of hammer 
indicates dip of bedding plane. 


relative to each other. They smoothly cut through 
the individual grains. During their origin the 
jointsurfaces remain pressed against each other, 
so there is no room for filling up. 

Tensional joints, on the other hand, are per- 
pendicular to the direction of tension. The origi- 
nating joint seeks the weak places, i.e. the grain- 
boundaries. There is no movement in the joint- 
plane, but there is in a direction perpendicular 
to it. That means, there will be no striae or any 
other trace of a relative displacement of the two 
jointsurfaces, but filling space originates. 


Confrontation of theories and facts 


When comparing the characteristics of shear- 
joints and tensional joints with the actual ob- 
servations in the field it is clear that we have here 
to do with tensional joints. The general upfilling, 
the absence of striae or other traces of relative 
displacement and their granular surface are 
evidence of this contention. Besides, conceiving 
them as shearjoints would require a highly im- 
probable stressfield at the time of their origin, 
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I — 200 joint poles. 
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III — 210 joint poles. 
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V — 300 joint poles. VI — 65 joint poles, just outside flexured zone 


along SE-borderfault. 


VII — so joint poles in flexured zone along 
SE-borderfault. 


VIII — Ideal diagram of joint poles when originated 
by tensional stress. 


IX — Ideal diagram of joints when originated by 
shearing stress. 


Fig 7 — Three diagrams of joint poles (upper hemisphere). Contours 0, 2, 8, 14, 20 7 


-, number VII as on 


structural map. Black dots indicate poles of bedding planes. 


from both a mechanical and a tectonic point of 
view. To understand the formation of the joints 
in the western part of the dome we suggest the 
following picture: when the uplift of the dome 
took place the Permian was bended. This ben- 
ding took place in the direction of the strike as 
well as in the direction of the dip, on account of 


the domal structure. Both bendings resulted in 
a tension. Perpendicular to these tensions joint- 
planes developed. In response to the tension in 
the direction of the strike the radial jointsystem 
developed, in response to the tension in the di- 


rection of the dip the tangential system developed. 


As to the different behaviour of the joints in 


Fig. 6 — Six diagrams of joint poles (upper hemisphere). Contours 0, 2, 8, 14, 20 +, numbers I-VI as on 
structural map. Black dots indicate poles of bedding planes. 
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the eastern part of the Dome we don’t know yet 
an unambiguous explanation. 


CONCLUSIONS 


The joints of the Permian Dome de Barrot 
form a regular pattern. They are closely connect- 
ed with the tectonics. They have all the charac- 
teristics of tensional joints. They were formed 
when a horizontal Permian series was uplifted 
and bended to give a domal structure.- On ac- 
count of their tensional appearance and their 
position in the structure they cannot be explained 
as shearjoints (see fig. 7, IX), originating by 
some regional stressfield of mainly horizontal, 
compressive forces. 
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Abriss der Geologie, begründet durch E. 
KAYSER. Achte, verbesserte Aufl., von R. BRINK- 
MANN. Erster Band: Allgemeine Geologie. 


viii + 286 S, mit 207 Abb. Ferd. Enke Verlag, 
Stuttgart 1956. Prijs ingen. DM 25.—, geb. 
DM 28.—. 


Dit boek munt uit door een overzichtelijke en har- 
monische indeling van de stof, door een moderne be- 
handeling en door een wetenschappelijk vrij diep- 
gaande bespreking van de verschillende onderwerpen. 

De stof is in de eerste plaats verdeeld in exogene 
en endogene „Dynamik”, 115 en 151 blz. resp. Binnen 
deze gedeelten zijn de hoofdstukken nog weer over- 
zichtelijk in enige groepen samengebracht. Voor de 
exogene geologie zijn dit (1) verwering en het water 
op het vasteland, (2) „Die Klimareiche”, (3) de zee, 
(4) „Die Meeresregionen”, en (5) diagenese en indeling 
van sedimenten. Hieruit blijkt al, dat in ruime mate 
aandacht wordt geschonken aan mariene geologie in 
de ruimste zin. Gezien de grote betekenis daarvan 
voor de geologie als geheel, kan men dit slechts 
toejuichen. De hoofdstukken over endogene geologie 
zijn in vier groepen verenigd, n.l. (1) tektoniek, (2) 
magma, (3) regionale metamorfose, en (4) „Aufbau 
und Bewegungsbild des Erdballs”. Een dergelijke over- 
zichtelijke compositie komt de waarde van het boek 
als leerboek m.i. zeer ten goede. 

Veelvuldig herdrukte boeken worden altijd bedreigd 
door het gevaar enigszins te fossiliseren. Het is ver- 
rassend om te zien hoe goed dit boek op de hoogte 
van de tijd is gebleven. In vrijwel alle hoofdstukken 
kan men constateren dat nieuwe onderzoekingen en 
nieuwe opvattingen behoorlijk verwerkt zijn. Per- 
soonlijk heeft het mij vooral getroffen hoe modern 
het gedeelte over mariene geologie is. Ook de korte 
literatuuropgaven aan het einde van ieder hoofdstuk 
weerspiegelen deze geest. 

Ondanks de beperkte omvang, minder dan 300 blz., 
is het boek allerminst oppervlakkig. In de meeste 
hoofdstukken gaat de behandeling dieper dan in 
dikwijls veel uitvoeriger boeken het geval is. Onder- 
werpen als periglaciale verschijnselen, submariene af- 
glijding, verband tussen tektoniek en sedimentatie — 
om slechts enkele voorbeelden te noemen —, worden 
besproken, meestal door voorbeelden toegelicht en 
vaak door literatuurverwijzingen verder toegankelijk 
gemaakt. In dit verband wil ik er op wijzen dat de 
literatuuropgaven niet slechts bekende boeken noemen, 
doch ook tal van goede, originele publikaties uit de 
laatste tijd. 

Kortom, het boek lijkt mij een ideaal eerste leerboek 


voor studenten. 
NED 


Der Pluton von Loch Doon in Südschottland. 
Theoretisches zu Bewegungen in festen Kör- 

pern bei der Deformation, von Gerh. Oertel. 
(Geotektonische Forschungen, herausgeg. 

von H. Stille und Fr. Lotze, Heft 11.) 107 S., 

mit 4 Krtn, und 45 Abb. im Text und auf 7 
Beilagen, 15 Tab. E. Schweizerbart’sche 
Verlagsbuchhandlung (Nägele und Ober- 
miller), Stuttgart 1955. Prijs ing. DM 27,—. 

De Loch Doon intrusie ligtin hetnauw geplooide 
Siluur bezuiden de Southern Boundary fault en 
bestaat, zoals vele andere, uit een granietkern, 
omgeven door een mantel van granodioriet en een 
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BES ERERERIDINDEGHSENEEN 


buitenste, onregelmatige korst van een hoorn- 
blendegesteente. Het contact met het sedimentaire 
gesteente is scherp, dat van graniet met grano- 
dioriet en dat van granodioriet met hoornblende- 
gesteente zijn overgangen. Het nevengesteente 
heeft om het plutoon heen een smalle contact- 
metamorfose ondergaan. 

De schrijver komt tot de conclusie, dat het plu- 
toon geen ouderwetse intrusieve batholiet is, maar 
het resultaat van granitisatie. Aangezien hij zich 
veel moeite geeft de veldgegevens goed op kaart 
te brengen (o.a. heeft hij vele „Regelungen” in 
dit plutoon gemeten) is over zijn werk een on- 
afhankelijk oordeel te vellen, dat m.i. tot de tegen-- 
gestelde conclusie moet leiden. 

Het voornaamste argument voor zijn stelling put 
de schrijver uit de volgende gedachtengang. De 
structuren in het nevengesteente zijn tegen het 
plutoon wat afgebogen. Buigt men deze weer 
recht dan blijft een kleiner oppervlak voor het 
plutoon over en daaruit kan men de vermeerde- 
ring van de oppervlakte en van de inhoud van 
het plutoon berekenen. 

Gaat men nu uit van de chemische samenstelling 
van het nevengesteente, dan kan men eveneens 
berekenen hoeveel SiO2 en andere oxyden erbij 
gevoegd moeten worden (andere weer afgetrok- 
ken) om tot de gemiddelde samenstelling van het 
plutoon te komen. Beide berekeningen geven dan 
een goed overeenkomend resultaat voor de vo- 
lumevermeerdering. 

Daar staat tegenover dat het aantal analyses, 
dat voor de berekening van de gemiddelde samen- 
stelling in de diverse gesteenten beschikbaar is, 
ten enemale onvoldoende moet worden geacht 
(totaal 5, waarbij geen enkele uit de granietkern) 
en dat de methode van het rechttrekken van de 
structuren een zeer aanvechtbare werkwijze is om 
de oorspronkelijke inhoud te berekenen. De teke- 
ningen van insluitsels e.d. van hoornfels in de 
plutoongesteenten wijzen veel meer op de intru- 
sieve aard. De regeling van de graniet zelf is 
duidelijk concentrisch en houdt geen verband met 
de cleavage van het nevengesteente. Bepaalde 
zönes van andere aard in het nevengesteente zet- 
ten zich op geen enkele manier voort in het 
plutoon. 

Het theoretisch gedeelte over gesteente-defor- 
matie onder gerichte druk is veel te eenvoudig 
en kan op deze wijze niet leiden tot enig nieuw 
inzicht in deze moeilijke materie. 

Desalniettemin is het werk toch een waarde- 
volle bijdrage, doordat de veldgegevens op de 
verschillende kaarten en diagrammen op juiste 
wijze worden weergegeven. d. S. 


Glacier variations and celimatie fluctuations, 
by M. W:son Ahlmann. (Bowman Memorial 
Lectures, series three) v + 5l pp., 11 figs., 
4 pls. The American Geographical Society, 

New York 1953. Prijs geb. $ 2.50. 
Geologen zijn zo vertrouwd met het eeuwig ver- 
anderende beeld van onze Aarde, dat zij geen 
moeite hebben zich voor te stellen dat het „tegen- 
woordige” klimaat niet iets stabiels is, doch slechts 
&ön moment uit een lange geschiedenis, een stadium 
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tussen iets dat was, en iets dat komt. De verande- 
ringen zullen des te groter zijn, naarmate men 
een langer tijdsinterval beschouwt. Helaas be- 
schikken wij slechts over weinig betrouwbare 
aanknopingspunten om de klimatologische toe- 
stand uit een ver verleden te reconstrueren. 
Slechts voor het allerjongste verleden verschaffen 
de schommelingen in de uitgebreidheid van de 
gletsjers ons een beter inzicht in de geschiedenis 
van het klimaat. Over deze relatie tussen gletsjers 
en klimaat gaat dit boekje. 

De huishouding van gletsjers vormt eerst sinds 
kort een onderwerp van nauwkeurige studie. Geo- 
logen plegen de geschiedenis van een gletsjer .af 
te leiden uit de ligging van morenes, dus uit beel- 
den in twee dimensies. Onderzoek aan recente 
gletsjers leert evenwel, dat dit slechts tot gevolg- 
trekkingen van beperkte waarde leidt, aangezien 
alleen een beschouwing van het totale volume tot 
een juiste interpretatie leidt. Helaas bestaat er 
geen uniform verband tussen de schommelingen 
in uitgebreidheid en dikte. Dit blijkt afhankelijk 
van het regionale klimatologische karakter. 

In het eerste gedeelte bespreekt Ahlmann enige 
van de moderne onderzoekingen over het regime 
van gletsjers, waarbij tevens enige voorlopige re- 
sultaten van de Noors-Brits-Zweedse expeditie 
1949—52 in Antarctica worden meegedeeld. 

Dit overzicht leidt van zelf tot een nadere be- 
schouwing van de recente afneming bij tal van 
gletsjers, en van de tegenwoordige fluctuatie van 
het klimaat. Ahlmann komt tot de conclusie, dat 
de tegenwoordige klimaatsverbetering haar climax 
in de jaren ’30 of ’40 heeft gehad. 

Een overzicht van de veranderingen in het arc- 
tische drijfijs en in de verspreiding van planten en 
dieren, en een plaatsbepaling van de tegenwoor- 
dige klimaatsverandering in een geheel van ver- 
anderingen over een langer tijdsinterval, besluiten 
het boekje. 

Dit boekje, dat gebaseerd is op de tekst van de 
algemene voordracht, door Ahlmann tijdens het 
17e internationale geografische congres in Wash- 
ington in 1952 gehouden, kan ieder ter lezing wor- 
den aanbevolen, die belangstelt in de glaciale ge- 
schiedenis van het Pleistoceen en speciaal van 
de tegenwoordige tijd. Het is overbodig uit te 
weiden over het belang, dat gedetailleerd onder- 
zoek van gletsjers heeft voor een juist begrip van 
de geschiedenis en de toekomst van de kust van 
ons eigen land. A. Br. 


Petrography, an introduction to the study of 
rocks in thin sections, by How. WILLIAMS, Fr. 
J. TURNER and Cha. M. GILBERT x + 406 pp. 
133 illus. W. H. Freeman and Comp.: San 
Francisco, 1954. Prijs geb. $ 6.50. 


Dit boek munt uit door een evenwichtige behan- 
deling van de drie groepen van gesteenten: stollings- 
gesteenten (H.W.), metamorfe gesteenten (F.J.T.) en 
sedimenten (C.M.G.). In een tijd, waarin wel eens 
stilzwijgend de neiging bestaat om bij de term petro- 
grafie alleen aan de eerste beide groepen te denken 
mag dit wel bijzonder naar voren worden gebracht, 
te meer omdat een groot deel van de afgestudeerde 
geologen in de praktijk van hun loopbaan bijna uit- 
sluitend met sedimentaire gesteenten te maken heeft. 

Het boek houdt zich hoofdzakelijk met petrografie 
bezig; enerzijds wordt de lezer verondersteld reeds 
vertrouwd te zijn met de optische mineralogie, ander- 
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zijds wordt hij verondersteld voor meer petrologisch 
georienteerde vraagstukken andere literatuur te raad- 
plegen. Wel is waar blijven problemen van petro- 
genetische aard niet geheel en al buiten beschouwing, 
maar het zwaartepunt ligt toch wel zeer duidelijk in 
het beschrijvende deel, dus in de zuivere petrografie. 
Dit gaat zover, dat b.v. de chemische samenstelling 
van stollings- en metamorfe gesteenten nauwelijks ter 
sprake komt, iets dat mij zelfs voor een eerste kennis- 
making met de petrografie, waarvoor dit boek bestemd 
is, wel als een gemis voorkomt. Het gevolg is dan ook, 
dat met een eenvoudige groepering van de stollings- 
en metamorfe gesteenten wordt volstaan, die misschien 
voldoet voor een eerste cursus, maar dat stellig niet 
deet voor hen, die zich verder in deze groepen willen 
verdiepen. Het gesignaleerde bezwaar is uiteraard 
nauwelijks voelbaar in het gedeelte over sedimenten 
en dit is m.i. dan ook zeker het best geslaagde 
gedeelte van het boek. 

Samenvattend kan gezegd worden dat het boek voor 
het doel, waarvoor het geschreven werd, nl. als hand- 
leiding bij een eerste petrografische cursus, zich goed 
leent, vooral door de bijzonder harmonische indeling, 
maar ook door de heldere stijl en de goede illustraties. 


M. 


Principes of geomorphology, by WM. D. 
THORNBURY. ix + 618 pp., illus. John Wiley 
& Sons, Inc: New York; Chapman & Hall, 
Ltd.: London, 1954. Prijs geb. $ 8.00. 


Geologen hebben tegen geomorfologen wel eens 
hetzelfde bezwaar, dat gewone burgers hebben tegen 
juristen: zij spreken over dingen van het dagelijks 
leven, b.v. trouwen en kopen, of bergen en dalen, in 
termen, die slechts voor een kleine, uitgelezen groep 
begrijpelijk zijn. Thornbury’s boek zal daarom door 
geologen met vreugde worden begroet, want hier is nu 
eens een morfologieboek, dat de taal van de geoloog 
spreekt. Dat de schrijver geoloog is en de morfologie 
beschouwt als een deel van de exogene geologie is 
daar natuurlijk niet vreemd aan. 

Drie inleidende hoofdstukken stellen de lezer direct 
op zijn gemak en daarna geven 17 hoofdstukken een 
beeld van de vorm van het land (en van de zeebodem) 
onder invloed van verschillende krachten in verschil- 
lende milieus: verwering, etc. (hoofdstuk 4), rivieren 
(5—7), de peneplain (8), topografie van plooi- en 
breukstructuren (9, 10), aride cyclus en eolische relief 
(11, 12), karsttopografie (13), gletsjers en ijskappen 
(14—16), morfologie van kusten (17) en topografie 
van de oceaanbodem (18), en tenslotte vulkanische en 
pseudovulkanische vormen (19, 20). De laatste twee 
hoofdstukken in het boek brengen een bespreking van 
de hulpmiddelen van de morfoloog (kaarten van aller- 
hande soort, luchtfoto’s, etc.) en van mogelijke toe- 
passing van de geomorfologie bij praktische vraag- 
stukken (hydrologie, technische geologie, etc.). 

In tegenstelling tot vele andere boeken over geo- 
morfologie bevat dit boek ontzaglijk veel feitelijke 
informaties, hetgeen de bruikbaarheid voor geologen 
in niet geringe mate verhoogt. De hoofdstukken over 
rivieren b.v. bevatten een hoeveelheid materiaal, zoals 
men in morfologie-boeken, en zelfs in leerboeken 
over algemene geologie, niet dikwijls bij elkaar vindt. 
Bovendien bevat ieder hoofdstuk een groot aantal 
verwijzingen naar oorspronkelijke publikaties. 

Hoewel het mij niet zou verbazen als sommige 
Dur sang geomorfologen dit boek niet beter vinden 
dan vele andere recente uitgaven, ben ik overtuigd dat 
het boek voortreffelijk is om geologen de ogen te 
openen voor morfologische problemen. 


B. 
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GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


NIEUWE SCHACHT OP STAATSMIJN HEN- 
DRIK — Aan Nieuws van de Staatsmijnen in Limburg 
zijn de volgende bijzonderheden ontleend over de 
nieuwe schacht voor Staatsmijn Hendrik, waarvan het 
gedeelte in het dekterrein onlangs werd voltooid. 


Na het boren van de bevriesgaten, het bevriezen 
van het dekterrein en 245 meter afdiepen op een 
delf-diameter van 8.50 meter door de firma Haniel 
en Lueg, heeft de Beton- en Aanneming Mij. J. 


voorlopige 
schachtbok ten 
dienste van 
het afdiepen 


hulpkooitje voor het 
transport van beton 


zwevende ladder 


bitumenbordes 
zwevende 
vloer 


buitenwapenings- 
bordes 


buitenwapening 


binnenwapenings- 


ton voor bordes 
beton- 
Kanepol binnenwapening 
bekisting 
= : 
bovenste = ® iR 
klemring a S 
De k 
N bevroren dekterrein 
N 
SUHEREEEEI ET. 
ij isti metselwerk 
glijbekisting N S: X 
S N bitumenlaag 
S gewapend betonnen 
onderste N bekleding 
klemring N 


Fig. 1 — Schema van de schachtbouw. 


Laeven en Co., de gemetselde en vootlopige wand van 
het afgediepte gedeelte van een definitieve gewapend 
betonnen bekleding voorzien, binnendiameter 6.70 
meter. 


Bij het storten van het beton heeft men van een 
nieuwe werkwijze gebruikgemaakt, n.l. een glijbe- 
kisting, waarmede het mogelijk werd in # 50 dagen 
de gehele schachtbekleding aan te brengen. 


In tegenstelling tot de gewoonlijk toegepaste giet- 
ijzeren cuvelage werd voor deze schacht n.l. een ge- 
wapend betonnen bekleding gekozen, omgeven door 
een 8 tot 12 cm dikke bitumen laag, waarmede de 
nodige waterdichtheid wordt verkregen, terwijl deze 
bitumen laag tevens als glijlaag kan functioneren bij 
bewegingen in het omgevende terrein. 


Het aanbrengen van de bitumen laag en de ge- 
wapend betonnen bekleding tegen de voorlopige wand 
is in een doorlopende bewerking geschied met hulp 
van een z.g. glijbekisting en een in etages uitgevoerde 
zwevende vloer. 


De glijbekisting klemt zich zelf d.m.v. een hydrau- 
lische apparatuur tegen de reeds eerder gestorte beton- 
wand, waarbij de apparatuur zodanig is uitgevoerd, 
dat deze bekisting als het ware omhoog kan klimmen. 


Het bovengronds klaargemaakte betonmengsel wordt 
met de ton aangevoerd, op een bordes van de glij- 
bekisting gestort en na eventueel omwerken achter de 
glijbekisting gebracht. Deze werkwijze leverde ten- 
slotte een schachtwand zonder enige stortnaad. 


Bitumen laag, buiten- en binnenbewapening zijn 
ieder van een afzonderlijke etage van de zwevende 
vloer aangebracht, die zich dus boven de glijbekisting 
bevindt. 


De bitumen bekleding is als platen aangevoerd. 
Deze platen werden bovengronds in een koelhuis be- 
vroren, omdat ze anders bij het aanbrengen te week 
zouden zijn. Met behulp van een elektrisch verwar- 
mingselement werden in de schacht de zijkanten van 
de bitumenplaten vloeibaar gemaakt en aan elkaar 
bevestigd. 


In goed 50 dagen werden in deze schachtwand ver- 
werkt 750 ton betonijzer, 4200 m? beton en 600 ton 
bitumen platen. 


bevroren dekterrein 
bevriesbuizen 
metselwerk 
bitumenlaag 
binnenwapening 
buitenwapening 


schacht 


Fie. 2 — Horizontale doorsnede van de schachtbe- 
kleding. 
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BNIEEIN -OITOTLIELSUOHHR AT PISHZERZERKE 


LEDENPRIJS VAN „GEOLOGISCHE GESCHIEDENIS VAN NEDERLAND” 


De aandacht van de leden van het Genootschap wordt er nogmaals op gevestigd, dat zij tot 1 december 1956 
een exemplaar van de onder auspicien van het Genootschap en van de Geologische Stichting bij het Staats- 
drukkerij- en Uitgeverijbedrijf verschenen uitgave Geologische Geschiedenis van Nederland kunnen bestellen 
tegen de gereduceerde ledenprijs van f 10,80 (winkelprijs f 14,80), door storting, of overschrijving van 
f 11,05 (f 0,25 voor portokosten) op postgirorekening 405.17 ten name van de Penningmeester van het Kon. 


Nederl. Geol. Mijnbouwk. Genootschap te 's-Gravenhage. 


OUDE PUBLIKATIES — Bij de Geologische Dienst, 
Spaarne 17, Haarlem, zijn tijdelijk een aantal exem- 
plaren beschikbaar van het Eindverslag van de Rijks- 
opsporing van Delfstoffen (met portefeuille) a f 1,25 


(kosten van verpakking en verzending). Tevens is voor 
belangstellenden de uitgave Hollands Noorderkwartier 
(1947) tijdelijk beschikbaar a f 1,— per exemplaar. 


PERSONALIA 


Nieuwe leden: 

APPELMAN, Ir. T. — 's-Gravenhage, Fahrenheitstraat 
698. (m). 

VELEZEBOER, m.i. Ir. C. J. — Cankaya, Ankara, 
Turkije, c/o N.V. B.P.M.; P.K. 3041. 


Nieuwe buitengewone leden: 


BIK, M. J. J. — Student Phys. Geogr., Amsterdam, 
Adm. de Ruyterweg 107 IV. (bg). 


Nieuwe adressen: 

AKKERSDIJK, Prof. Ir. M. E. — Bandung, Indonesia, 
Djalan Ganecga 10, Fakultas Teknik. (g) (K). 

BEETS, Dr. C. — Wassenaar, Backershagenlaan 18. 


(8). 

BOERMA, H. R. — Delft, Verwersdijk 30A. (bg) 
(M.V.D.). 

COHEN, geol. dts.. A. — Toronto 16 (Ontario), 
Canada, 1450 O’Connor Drive, c/o Photo- 
graphic Survey Corp. Ltd. (g). 

DESSAUVAGIE, Th. F. J.. — Leiden, Bakhuis 


Roozenboomstraat 22. (bg) (L.G.V.). 

DIJK, N. J. van — Delft, Vlamingstraat 24B. (bg) 
(M.V.D.). 

FICK, geol. drs. L. J. — ’s-Gravenhage, van Hogen- 
houcklaan 45. Na 1 aug.: Mbeya, Tanganyika, 
c/o Mbeya Exploration Cy Ltd. (g). 

HARTMANN, Dr. Th. C. P. — Seismoloog. Owerri, 


S. Nigeria, B.W.A., c/o The Shell d’Arcy 
Petroleum Development Cy of Nigeria Ltd. 
(8) (ek). 


KOPSTEIN, Dr. F. P. H. W. — Geoloog b. d. Shell 
Trinidad Ltd., Point Fortin, Trinidad, B.W.1. 
(8). 

LAGAAY, Dr. R. — Houston, Texas, U.S.A., 3737 
Bellaire Boulevard, c/o Shell Oil Cy. (g). 

LOO, w.i. Ir. ©. F. H. H. — Heerlen, Molenberg- 
laan 114. (m). a 

NIEUWENHUIS, geol. drs. W. H. — Lusaka, North 
Rhodesia, c/o Chartered Exploration, P.O. Box 
293. (bg). 

RAASVELDT, Dr. H. C. — Hoofd Photogr. Sectie, 
Geol. Instituut, Bogotä, Colombia, Apartado 


2128. (g). 


REYNST, m.i. Ir. B. A. — Ingenieur b. d. Luossa- 


vaara Kiirunavaara Aktiebolog, Kiruna-C., 
Zweden, Trädgardsgatan 20 (IB). (b). 

ROESSINGH, geol. drs. H. K. — W. Calgary (Alta), 
Canada, c/o Hudson’s Bay Oil and Gas Cy. 
534: 8th Ave. Prive: S. W. Calgary, Alta, 
Canada, 540 49th Ave. (b) (gk) (K). 

SCHLINGEMANN, C. — 's-Gravenhage, v. Tedinger- 
brouckstraat 8. (bg) (M.V.D.). 

SLOFF, Jan G. — Bergen op Zoom, Halsterseweg 223. 


(8). 

TOORN, geogr. drs. J. C. van den — Haarlem, 
Spaarne 17. (g). 

VEENSTRA, H. J. — Leiderdorp, Hoofdstraat 72. 
(bg) (L.G.V.). 

VERBEEK WOLTHUIS, m.i. Ir. R. — Santpoort, 
Charl. de Bourbonlaan 1 (Verlofadres). (m). 

WIECHEN, m.i. Ir. J. J. J. van — ’s-Gravenhage, 
Laan van Clingendaal 104. (b) (K). 

WORIES, H. — San Jose, Costa Rica, c/o Compania 
Petr. de Costa Rica, Apartado 3530. (g). 

ZWAAN, Dr. P. C. — Rijksmuseum van Geologie en 
Mineralogie. Leiden, van der Werffpark 1. (g). 

ZIJLSTRA, Dr. G. — 's-Gravenhage, Louis Couperns- 
plein 19. (g). 


Mataties: 


BOSCH, geol. drs. J. H. W. van den — Van (bg) 
naar (8). 

GERMERAAD, m.i. Ir. J. — Van (bg) naar (m) (K). 

ITZ, w.i. Ir. H. J. — Van (m) naar (m) (K). 

KLOMP, m.i. Ir. E. J. W. — Van (bg) naar (m). 

ODE, geol. drs. H. — Van (g) (gk) naar (g). 

STEENKEN, W. F. — Van (bg) naar (b) (sk). 

WILLEMS, m.i. Ir. J. F. J. — Van (b) naar (b) (RK). 

Rectificaties: 

KREVER HH. N AsM var 

PICARD, J. E. — Delft (i.p.v. 's-Gravenhage) Spiek- 
manstraat 18. 

VALK, C. B. €. — Leiden, Boerhavelaan 29 (i.p.v. 49). 


De leden worden, ter bevordering van een snelle afdoening van zaken, verzocht kennis te nemen 
van de volgende adressen voor correspondentie betreffende: 

Toezending Geologie en Mijnbouw: „Geologie en Mijnbouw”, Hofwijckstraat 9, ’s-Gravenhage. 
Verhandelingen: Dr. P. Kruizinga, Julianastraat 21, Rijswijk Z.H. 

Personalia: Secretariaat K.N.G.M.G., Paviljoensgracht 72, 's-Gravenhage. 


Bor m nn ng ma nn 


WAAROM | Ian 


PLANETA 


I? 


PLANETA 


TAKELS? 


N 


omdat deze een gering 
eigengewicht, kleine bouw- 
hoogte, kogellager uitvoe- 
ring, geringe trekkracht en 


Enkeldakstent die er tegen kan! 


En toch licht genoeg voor geologenwerk is 
onze Kamp Eerde tent, vervaardigd van khaki 
LICHT PLANETA 1/9-21/2 t. getwiind 217 grams doek, met ingenaaid grond- 
SUPER PLANETA 1/.-30 t. zeil, achter ventilatie en vöör deuren met 
dubbele sluiting. Breed 170, lang 195, hoog 
140, muren 30. Compleet: gewicht 5.8 kg. 
Prijs # 126. — 


Nadere bijzonderheden in onze prijslijst ! 


lange levensduur hebben. 


tot 5 ton uit voorraad 


Fo 
} - 


leverbaar! 


m 2 
. > u - 


VERKOOPKANTOOR : 


NE] CARLDENIG! 


UITENEPORT-UITRUSTINGEN 
HAAGWEG 81, RIJSWIJK Z.H. 'Telef. 119409. 4 WETERINGSCHANS 113-115 AMSTERDAME 


ARRINS 


Patente? 


voor 

OLIE-, 

KOLEN-, 
ERTS-BORINGEN 


enz. 


AMSTERDAM SARPHATISTR. 66 TELEGR.-A 


ERPEN 
NEW YORK DETROIT TORONTO LONDON PARIS ANTW 


u 


De resultaten van 


Uw werk hangen af 


van de keuze 


van Uw gereedschap 


De keuze is aan U uit de 


grote verscheidenheid 


van eerste klas boormateriaal 


waarin meer dan een 


halve eeuw van technische 


ervaring is verwerkt. 


HAARLEM - HOLLAND 


sruDıo xpmmer 


ishes your risk / 


in 


dım 


R 


E 


Has ARTE NTEN ZW0EZV 


PHONE 7083] 


TELEX 023419 


N.V. NEDERL. BALATA-INDUSTRIE 
DRACHTEN 


Tel. (05120) 2545 


NMTAUAED 


TRANSPORTBANDEN 


HET MEEST TOEGEPAST 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


„ $ 130 mm \ 530 kg er \ 400 mm 
200 mm ln 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


P bij 4 ato. 


Uitschuifbare aluminium schoorstempels 


%“ 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA” 


KERKRADE - ABTENLAAN 58 
TEL. K 4445 - 2155 


_ FRIEMANN & WOLF GMBH: | AKKUMULATOREN. NO GRUBENLAMPENFABRIK 
DUISBURG - GEGRUNDET 1884 z 


Vertretung in Holland: STAALHANDEL G. SARK - Postbus 259, Haarlem - Bospad 26, Heerlen 


„Titan” ondersteuningsmateriaal in schaafpijler 


Mijnstempels, Kappen, Koppelstukken, 


Voorspanschoenen, Hulpstijlen, Losse voetplaten. 


DU CROO & BRAUNS - AMSTERDAM 


a Geruisarm' i 


Dele duizenden malen 
ondergronds in bedrijj gesteld 
spaart de arbeiders, 


verhoogt de arbeicdsprestatie 


Van oudsher staat de DUSTERLOH-Persluchtmotor in de mijnbouw bekend als DE motor 
voor betrouwbare economische aandrijving. Niet minder dan 40.000 stuks zijn tot op heden 
in bedrijf gesteld. Thans is deze motor na demping van het geruis en verdere opvoering van 
vermogen in waarde gestegen. De „geruisarme” motor spaart de arbeiders en verhoogt de 
werkprestatie. De types 3-32 Pk. met een draairichting en omschakelbaar — ook met drijf- 


kast en regulateur - worden als meest economische en bedrijfszekere aandrijvingen gebruikt 
VEN voor pantsertransporteurs, rubberbanden en krabbanden, kettingbanden, rangeerlieren, mon- 
tagelieren, trek- en wikkellieren, voor schaven enz. Zie onze prospecti. Vraagt bezoek van 


oOnze ingenieurs. 


DU$TERLOH 


GEWERKSCHAFT DÜSTERLOH-BOCHUM 


Door de Arbeidsinspectie goedgekeurde 


Veiligheidshelmen 
vervaardigd van GLASFIBER, TEXTIEL-PHENOL 
en ALUMINIUM, in verschillende modellen, als- 


mede een grote collectie 


Veiligheidsbrillen 
levert Fa. J. DE JAGER & Co, 


Import- Export en Engros, Jan v. Goyenstr. 6, 
Heemstede, Telefoon K 2500-34740 
Vraagt offerte en vertegenwoordigersbezoek 
Leverancier der grootste industrieen in Binnen- 

en Buitenland 


re 


wen 


Handelsafdeling van de Machinefabriek 


DEN HOLDER N.V. 


LEIDEN — POSTBUS 87 


GEWEVEN GAAS | 


VAN DE GROFSTE TOT DE FIJNSTE MAAS- 


Apparaten voor de chemische- en 
Olieindustrie 
WINDTES UIT ALLE VERWEEFBARE METALEN Ganeainlisserdiop meeilenzen.en 


meetplaten, alsmede A.P.l. draden 


N.V. METAALDRAADWEVER]|) ne De 
DINXPERLO - 122 


KIINLOCOMNOTIEYEN 


LUISE TISOJANPIRIESSIORRES 
K« 


Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIEK 
Postbus 78 - Schiedam 


ROTTERDAM 


EPR 


Fabsikonta van: 
Stoomophaalmachines 
Mechanische onderdelen 
voor electrisch gedreven 
ophaalmachines 
‚Persluchtzuigerlieren 
Electrische lieren : 
Kabelverwissellieren 
Snelheidsregulateurs 
‚Remdrukregulateurs 
"Loopsc N. 
Minimaal schak 
Alleidschijven 
Drijtschijven 


Grauw ruwijzer in ruwe en geheel bew te sta t-v n elke gewenste vastheid. voor. alle takken van de machinebouw 


Zandverme, 


ren 


AG. EISENHÜTTE PRINZ RUDOLPH 


. MACHINEFABRIEK - PIGERGIEIBRUN. GERMANY, Dü ULMEN i. WESTF. TEL. 50415051553 


N.V. HANDELMAATSCHAPPIJ v/h 


OVERBEEK & Co. 


GALVANISTRAAT 35 


ROTTERDAM 


Stalen buizen - moerbouten 


Aluminyl plastic buizen 


Kalibers 


GEOLOGIE zn MIJNBOUW 


Verspreidingsgebied: 
Europe 


Austria 
Belgium 
Czecho-Slovakia 
Denmark 
Finland 
France 
Germany 
Great Britain 
. Hungary 
Ireland 
Italy 
Lithuania 
Netherlands 
Norway 
Poland 
Portugal 
Rumania 
Russia 
Spain 

- Sweden 
Switzerland 
Turkey 


Verbreitungsgebiet: 


United States of 
America 


California 
Cansas 
Colorado 
Honolulu 
Indiana 

New York 
Oklahama 
Pennsylvania 
Texas 


Wisconsin 
South-America 


Argentine 
Bolivia 
Brazil 
Chile 
Columbia 
Peru 
Trinidad 
Venezuela 


Spreading: Diss&mination: 
Central-America Canada 
Costa Rica Mer 
Nicaragua z 
Nee Australia 
Algeria New Zealand 
Angola 
Belgian Congo Asia 
Ethiopia 
Gold Coast Beus 
M China 

OCCO 
Eee = India 

Sn : Indonesia 
Port. East Africa 

: Iran 
Rhodesia 
f Israel 

Somaliland 
TE nyika RE 
N x Lebanon 

ransvaa ee 
West-Indies Manila 

New Guinea 

Antilles Pakistan 
Cuba Syria 


| GROFSMEDERIJ 


SMEED- en CONSTRUCTIEWERK 


_ GIET- DRAAI- en KETTINGWERK .. 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem. 


DRUKKER & Zn. N.V. 


Ringdiik 2 - AMSTERDAM - Phone 50369 - 53068 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MIINBOUW” HOFWIJCKSTR. 9, DEN HAAG, TEL. 117577 


